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Abstract. Polyphenols consist in a wide range of biological molecules present in plants and 
they have a variety of biological and chemical activities in vitro and in vivo. The most important 
classes of polyphenols are flavonoids and phenolic acids. 
Plant polyphenols are especially known for their important antioxidant activity; for instance, 
lipid peroxidation is implicated in the pathogenesis of cancer, atherosclerosis and toxic cell injuries. 
In this study, air dried aerial parts of European Mistletoe (Viscum album), European Birthwort 
(Aristolochia clematitis), Greater Celandine (Chelidonium majus) and Stag’s-horn Clubmoss 
(Lycopodium clavatum) were powdered and extracted with 60% ethanol (v/v). The total polyphenols 
content of the ethanolic extracts was estimated by a spectrophotometric method. The ethanolic extracts 
were investigated for antioxidant activity in linoleic acid/water emulsion system. The progression of 
the oxidation processes was monitored at 80°C for 7 days by measuring conjugated dienes, 
hydroperoxides and thiobarbituric acid reactive substances (TBARS) formation. The antioxidant 
activity of the sample extracts was expressed as inhibition percentage, comparatively to controls 
containing no antioxidant. 
The obtained results revealed that the vegetal extracts inhibited the formation of conjugated 
dienes, lipid hydroperoxides and thiobarbituric acid reactive substances (TBARS); the dynamics of 
lipid peroxidation inhibition is different from one plant to another. 
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INTRODUCTION  
 
Polyphenols consist in a wide range of biological molecules present in plants that have 
a variety of biological and chemical activities in vitro and in vivo. The most important classes 
of polyphenols are flavonoids and phenolic acids. Flavonoids are present in leaves, flowers, 
fruits, teas, wine and beer.   
Some flavonoids inhibit lipid peroxidation, which has been implicated in the 
pathogenesis of cancer, atherosclerosis and toxic cell injury (Briviba and Sies, 1994; Kehrer 
and Smith, 1994). 
Some flavonoids have been reported to modulate drug efflux in multidrug-resistant 
(MDR) cancer cells, such as kaempferol, quercetin and genistein, and have been classified as 
modulators with bifunctional interactions at the vicinal ATP-binding site and the steroid 
interacting region within the cytosolic domain of P-glycoprotein (Pgp, MDR1) (Conseil et al., 
1998). Xanthohumol, the most abundant prenylated flavonoid in Humulus lupulus and an 
ingredient that imparts flavor and bitterness to beer, has been reported to have anti-mutagenic, 
antioxidative and cancer chemopreventive activities (Gerhauser et al., 2002; Henderson et al., 
2000; Miranda et al., 1999, 2000a, 2000b). 
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Phenolic acids are hydroxylated derivates of benzoic acid and cinnamic acid (Macheix 
et al., 1990). Phenolic acids such as chlorogenic acid, cafeic acid, ferulic acid, cumaric acid, 
rutin, rozmaric acid, are considered as potential cytostatic agents (Păun Roman, 2008). 
Plant polyphenols are most commonly known for their antioxidant activity. The 
antioxidant activity of phenolics is mainly due to their redox properties, which allow them to 
act as reducing agents, hydrogen donators, and singlet oxygen quenchers. In addition, they 
have metal chelating properties (Rice-Evans, 1995). 
Several studies demonstrated the capacity of plant polyphenols to annihilate reactive 
oxygen species and to inhibit different lipid peroxidation processes in rat brain homogenates, 
as well as to reduce thermal oxidation processes of vegetal oils (Papuc et al., 2007, 2008a, 
2008b, 2009). 
 The aim of this study was to assess the antioxidant properties of Viscum album, 
Aristolochia clematitis, Chelidonium majus and Lycopodium clavatum alcoholic extracts in 
linoleic acid model system. 
 
MATERIALS AND METHODS 
 
Obtaining vegetal extracts 
In order to obtain the extracts, aerial parts of the studied plants were dried, powdered 
and then subdued to a solid-liquid extraction with 60% ethanol in a solvent extractor. 
 
Total phenolic compounds assay 
Total polyphenols of plant alcoholic extracts were determined by Folin Ciocalteu’s 
reagent (Astill et al., 2001). From the stock solution of the extract, suitable quantity was taken 
into a 10 ml volumetric flask and properly diluted, then 0.2 mL Folin Ciocalteu reagent and 
0.5 mL of 20 % (w/v) Na2CO3 solution were added. The solution was shaken, and then 
distillated water was added to 10 mL. The reaction mixture was left for color development for 
1 hour. After that, the absorbance was measured at 725 nm in a Jasco V-650 UV-VIS 
spectrophotometer. The total phenols content was determined in relation to the calibration 
curve and expressed as mg caffeic acid equivalent/100 ml extract.  
 
Flavonoids assay 
The total flavonoid concentration was measured using a colorimetric assay described 
by Jay and Gonnet (1975). The method is based on the interaction of flavonoids from 
ethanolic extracts with AlCl3 reagent, situation in which results a colored compound. Briefly, 
to 5 mL plant extract (diluted 1:50, v:v, with 60% ethanol), 2.5 mL of AlCl3 reagent were 
added and absorbances were recorded spectrophotometrically at 430 nm against blank. The 
flavonoids contents were determined in relation to the calibration curve and expressed as µg 
quercetin equivalent/ml extract.  
 
Preparation of linoleic acid emulsion – plant alcoholic extract mixture 
Linoleic acid emulsion was prepared according to the procedure described by Yen et 
al. (2003). Briefly, 0.285 g linoleic acid were mixed with 0.289 g Tween 20 and 50 ml 
phosphate buffer 0.067M, pH 7.2 and then the mixture was homogenized 5 min. 100 µl plant 
extract was added to the mixture. Linoleic acid emulsion without antioxidants, but with 100 µl 
extraction solvent was used as control. The mixtures and the control samples were incubated 
at 80°C for 7 days. The progression of oxidation processes was monitored at every 24 hours 
by measuring the conjugated dienes (CD), hydroperoxides (HP) and thiobarbituric acid 
reactive substances (TBARS) levels. 
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Inhibition of conjugated dienes formation 
20 µl linoleic acid emulsion – plant alcoholic extract mixture were mixed with 2 ml 
isooctane and absorbance was measured at 232 nm wave-length using a Jasco V-650 UV-VIS 
spectrophotometer. The inhibition of conjugated dienes formation was calculated using the 
following formula: 
% CD Inhibition =[( Acontrol-Asample)x100]/Acontrol 
 
Inhibition of hydroperoxides formation 
Hydroperoxides were determined using the method described by Romero et al., 2008. 
Briefly, 0.02 g linoleic acid emulsion – plant alcoholic extract mixture was dissolved in 9.8 
ml methanol:chloroform mixture (70:30, v/v) and then 0.1 ml of 30% (w/v) ammonium 
thiocyanate was added and mixed. After 5 min., 0.1 ml ferrous chloride prepared in 3.5% HCl 
was added to the previous mixture and the absorbance was measured at 501 nm. Inhibition of 
hydroperoxides formation was calculated using the following formula: 
 
% HP Inhibition =[(Acontrol-Asample)x100]/Acontrol 
 
Inhibition of thiobarbituric acid reactive substances (TBARS) formation 
100 µl linoleic acid emulsion – plant extract mixture were mixed with 2 ml 20 mM 
thiobarbituric acid prepared in 15% trichloroacetic acid (TCA) solution. The mixture was 
heated at 90°C for 15 min. and cooled at room temperature. After addition of 2 ml 
chloroform, the mixture was strongly agitated and then centrifuged at 1000 rpm for 15 min. 
The absorbance of organic layer was estimated at 532 nm. Inhibition of TBARS formation 
was calculated using the following formula: 
 
% TBARS Inhibition =[( Acontrol-Asample)x100]/Acontrol 
 
RESULTS AND DISCUSSIONS 
 
Total polyphenols content 
The results of Folin-Cicalteu total phenols assay are reported in Tab. 1. All extracts 
contained a considerable amount of polyphenols, ranging from 1.05±0.65 (Lycopodium 
clavatum) to 4.60±1.88 (Aristolochia clematitis) mg caffeic acid equivalent/100 ml extract. 
 
Tab. 1 
Total phenols and flavonoids contents of analyzed plant extracts 
 
Phenolics Total polyphenol (mg/100ml) a 
Flavonoids  
(µg/ml) b 
Viscum album 2.11 ± 0.78 4.55 ± 2.67 
Aristolochia clematitis 4.60 ± 1.88 13.35 ± 3.17 
Chelidonium majus 3.40 ± 1.78 6.45 ± 4.80 
Lycopodium clavatum 1.05 ± 0.65 2.25 ± 1.03 
aExpressed as mg caffeic acid equivalent of phenol/100 ml extract 
bExpressed as µg quercetin equivalent of flavonoids/ml extract 
 
 
Total flavonoid content 
Flavonoid quantification is based on the evaluation of yellow color produced by the 
interaction of flavonoids with AlCl3 reagent. The content of the extracts in flavonoids in 
extracts is showed in Tab. 1. The biggest flavonoids concentration was determined in 
Aristolochia clematitis alcoholic extract (13.35±3.17 µg quercitin equivalent/ml extract) and 
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the lowest flavonoids concentration - in Lycopodium clavatum extract (2.25±1.03 µg quercitin 
equivalent/ml extract).  
 
Inhibition of conjugated dienes formation 
Conjugated dienes were considered as lipid oxidation indicators; in this research, the 
inhibition of lipid oxidation was observed for all studied vegetal extracts (Fig. 1). Alcoholic 
extracts of Aristolochia clematitis, Chelidonium majus and Lycopodium clavatum had the 
strongest antioxidant activity after 48 hours of exposure at 80°C, while the alcoholic extract 
of Viscum album had the strongest antioxidant action after 96 hours of exposure. After 168 
hours of emulsion exposure at 80°C, the antioxidant activity of Viscum album and 
Aristolochia clematitis extracts decreased by 23.9% and 11.29%, respectively, while the 
antioxidant activity of Chelidonium majus and Lycopodium clavatum alcoholic extracts 
decreased by 46.11% and 38.5%, respectively, comparative to the highest antioxidant activity 
that has been recorded.  
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Fig. 1. Inhibitory effect of the studied plant extracts on conjugated dienes formation in linoleic acid/water 
emulsion system 
 
Inhibition of hydroperoxides formation 
Hydroperoxides are the primary and main products of lipid peroxidation; they can also 
be a source of active free radicals due to their thermolysis or catalytic destructions (Roginsky 
and Lissi, 2005); peroxyl radicals generated this way are the main chain-carrying during the 
oxidative process (Romero et al., 2008). From Fig. 2 it can be observed that all plant alcoholic 
extracts presented inhibitory effects upon hydroperoxides formation process.  
The obtained results are similar to the ones obtained for conjugated dienes. Thus, 
Aristolochia clematitis, Chelidonium majus and Lycopodium clavatum alcoholic extracts had 
the highest antioxidant activity after 48 hours of incubation at 80°C. Viscum album alcoholic 
extract presented the strongest inhibition upon peroxides formation process after 96 hours of 
incubation of samples.  
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Fig. 2. Inhibitory effect of the studied plant alcoholic extract on hydroperoxides formation in linoleic acid/water 
emulsion system 
 
Inhibition of thiobarbituric acid reactive substances (TBARS) formation 
 Linoleic acid peroxides generate a great number of carbonyl compounds upon 
decomposition. These compounds are secondary products of lipid peroxidation and in reaction 
with 2-thiobarbituric acid are widely used as a measure of rancidity development.  The four 
studied alcoholic extracts inhibited differently the formation of thiobarbituric acid reactive 
substances (TBARS). In the first day, Viscum album and Aristolochia clematitis alcoholic 
extracts inhibited lipid peroxidation process in a proportion of 56.9% and 67.36%, 
respectively. Starting the second day, the inhibition of lipid peroxidation by the two extracts 
had a decreasing trend until the 4th day of exposure; in the 7th day, the inhibition percentages 
intensely increased (70.21% and 53.19%, respectively). Chelidonium majus alcoholic extract 
inhibited lipid peroxidation in a manner similar to Viscum album and Aristolochia clematitis 
extracts, the lowest action being recorded after 96 hours. Lycopodium clavatum extract had 
the strongest inhibition upon lipid peroxidation after 48 hours of incubation at 80°C and the 
lowest action after 168 hours. 
 
0
20
40
60
80
%Inhibition
24 48 72 96 168
Hours
Viscum album Aristolochia clematitis Chelidonium majus Licopodium clavatum
 
Fig. 3. Inhibitory effect of the studied plant extracts on thiobarbituric acid reactive substances (TBARS) 
formation in linoleic acid /water emulsion system  
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CONCLUSIONS 
 
Viscum album, Aristolochia clematitis, Chelidonium majus and Lycopodium clavatum 
alcoholic extracts are able to protect linoleic acid against lipid peroxidation process.  
Plant alcoholic extracts inhibited the formation of conjugated dienes, lipid 
hydroperoxides and thiobarbituric acid reactive substances (TBARS).   
The dynamics of lipid peroxidation inhibition is different from one plant to another 
and it is independent to the content in polyphenols and flavonoids of the extracts.  
The differences regarding the antioxidant activities of the tested plant extracts can be 
due to their differences in the polyphenols chemical structures. 
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